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(57) Abstract 

A compostaMe multilayer structure is provided by the present invention. The multilayer structure can be in the form of a film, sheet, 
laminate, and the like, and includes a core layer (12) having a first surface (13) and a second surface (15), a first blocking reducing layer 
(14) covering the first surface of die cote layer, and a second blocking reducing layer (16) covering the second surface of the core layer. The 
core layer includes a polymer composition of a bydroiyzabk polymer containing a lactic acid residue and has a glass transition temperature 
(Tg) below about 20 deg. C The first and second blocking reducing layers include a polymer composition of a hydroIyzaWe polymer and 
have a Tg above about 50 deg. C. The multilayer structure can be used for preparing bags and wrappers. 
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rOMPQSTABLB MULTILAYER STRUCTURES 
IMP ARTICLES PREPARED THEREFROM 



Elflld Invention 

The present invention relates to corapostable 
5 multilayer structures and articles prepared from 
compostable multilayer structures. 

Bagfcggfflipd Qf Invention 

Plastic trash bags and wrappers are primarily 

10 made of hydrocarbon polymers such as polyethylene, 

polypropylene, or polyvinyl polymers. While hydrocarbon 
polymers can be useful for commercially manufacturing 
trash bags and wrappers having adequate flexibility and 
puncture and tear resistance, they are resistant to 

15 degradation and mineralization and have a tendency to 
build up in land fills. Under most conditions, 
hydrocarbon polymers take a long time to decompose. In 
addition, hydrocarbon polymers are not manufactured from 
renewable resources. 

20 Attempts have been made at developing 

thermoplastic films having degradable properties. For 
example, U.S. Patent No. 4,133,784 describes degradable 
mulch films with improved moisture resistance prepared 
from starch and ethylene/acrylic acid copolymers. U.S. 

25 Patent No. 5,091,262 describes a multilayer polyethylene 
film containing a starch filled inner layer, and 
prodegradant filled outer layers. U.S. Patent No. 
5,108,807 describes a multilayer thermoplastic film 
having a core layer made of polyvinyl alcohol, and outer 

30 layers made of polyethylene and prodegradant. U.S. 

Patent No. 5,391,423 describes multilayer films prepared 
from various biodegradable polymers for use in 
disposable absorbent products, such as diapers, 
incontinent pads, sanitary napkins, and pantyliners. 

35 Many biodegradable polymers have been found to 

possess the desirable characteristics of 
biodegradability and compostability . At room 
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temperature, however, many biodegradable polymers are 
either too brittle to provide the desired puncture and 
tear resistance necessary for commercially acceptable 
trash bags, or they do not have adequate stability for 
storage and transport. In addition, many biodegradable 
polymers are difficult to process into films using 
commercial manufacturing lines. 
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Smnrv of th* Tnv,r,- 1rn 

Compostable multilayer structures with desired 
properties of flexibility and tear resistance are 
provided by the present invention. The compostable 
multilayer structures are preferably in the form of 
films, sheets, laminates and the like. The compostable 
multilayer structures can be manufactured into 
disposable consumer products such as bags, wrappers 
cups, and the like, which can degrade when subjected to 
composting conditions. Preferably, the multilayer 
structure is in the form of a film. 

The compostable multilayer structures can be 
provided in various layered arrangements, a preferred 
compostable multilayer structure includes a core layer 
having a first surface and a second surface, a first 
blocking reducing layer covering the first surface of 
the core layer, and a second blocking reducing layer 
covering the second surface of the core layer. 
Preferably, the core layer has a glass transition 
temperature <T g ) below about 20<»C, and at least one of 
the first and second blocking reducing layers includes a 
semxcrystalline polymer composition and/or has a glass 
transition temperature above above about 50«C. 

Applicants discovered that certain desirable 
properties of compostable polymer compositions, such as 
flexibility, tear resistance, and puncture resistance 
can be adjusted by controlling the glass transition 
temperature thereof. For example, for many compostable 
polymer compositions, such as hydrolyzable polymer 
compositions, reducing the <T g ) provides a layer having 
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increased flexibility, tear resistance, and puncture 
resistance to commercially acceptable levels for bags 
and wrappers. In addition, Applicants discovered that 
certain polymers compositions can be used to provide 
5 blocking reducing layers when applied over the 
compos table polymer compositions having increased 
flexibility, tear resistance, and puncture resistance. 
As used in the context of the present invention, 
blocking occurs when polymer composition layers fuse or 
10 stick together. The extent of blocking is evaluated 
relative to the degree of fusion between the layers or 
tackiness of the layers. Many polymer compositions 
having low glass transition temperature have been found 
to possess increased incidence of blocking. Applicants 
15 discovered, however, that resistance to blocking can be 
adjusted by controlling the glass transition 
temperatures. For many compostable polymer 
compositions, such as certain hydro lyzable polymer 
compositions, an increased glass transition temperature 
20 tends to reduce blocking. In addition, Applicants 
additionally discovered that controlling the 
crystallinity of a polymer composition can provide 
reduced blocking. 

The layers of the compostable multilayer 
25 structures are preferably made of materials which are 

compostable, such as polymer compositions which include, 
for example, hydrolyzable polymers. 

The polymers which can be used to provide the 
layers of the multilayer structure should have a number 
30 average molecular weight in the range of about 50,000 to 
about 200,000, and a weight average molecular weight in 
the range of about 100,000 to about 600,000. To provide 
sufficient flexibility and puncture and tear resistance, 
it has been found that the polymer used to prepare the 
35 core layer should have a number average molecular weight 
between about 80,000 and 200,000, more preferably 
between about 90,000 and 175,000, and even more 
preferably between about 100,000 and 150,000. The 
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blocking reducing layers should have a number average 
molecular weight above about 50,000. 

It ia understood that the low glass transition 
temperature is responsible for providing the multilayer 
5 structure with desired flexibility and tear resistance 
Accordingly, it is desirable to provide the glass 
transition temperature of the core layer below the 
temperatures at which the multilayer structure will be 
used, it has been found that for most conditions of use 
at room temperature, a T g below about 20-C should be 
acceptable. At cooler conditions, it is preferred that 
the core layer should have a T g below about 5'C, and 
under more extreme conditions, a T g below about -io-c 
would be preferred. 

A preferred technique for reducing the glass 
transxtion temperature of the core layer is to 

inrTr'V**" 111 M effCCtiVe am ° Unt ° f Plasticizers 
into the polymer composition which forms the core layer 
Generally, this means that the plasticizer can be 
included to provide a concentration level of about 10 to 
35 percent by weight, and more preferably a 
concentration level of about 12 to 30 percent by weight. 
It is preferred that the plasticizer is biodegradable 
non-toxic, compatible with the resin, and relatively ' 
25 nonvolatile. y 

When the core layer has a glass transition 
temperature below the temperature of use of the 
multilayer structure, it has been found that the core 

30 tnirj Uf ! erS fr ° m blOCking * Xt Sh ° Uld be eclated 
that blockxng occurs when polymer layers fuse together 

The extent of blocking is a function of the degree that 
the layers fuse together. Layers which are highly 
blocked will be almost totally fused together. Blocking 
is a particularly undesirable property for certain 
articles such as bags and wrappers which are commonly 
stored in a roll or other arrangement where the layers 
are in contact. 
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Applicants have found that blocking can be 
reduced by the incorporation of blocking reducing layers 
in the compostable multilayer structure. 

In an alternative embodiment of the present 
5 invention, the compostable multilayer structure can be 
provided as a two layer structure having a core layer 
and a blocking reducing layer. It is believed that this 
compostable multilayer structure can be stored in the 
form of a roll so that both sides of the core layer are 

10 adjacent a blocking reducing layer. 

Compostable multilayer sheets are provided by 
the present invention. The sheet has a thickness 
greater then 10 mils (0.010 inch). The sheet can be 
used as thermoformed rigid container, cups, tubs, 

15 dinnerware, etc. In most applications, it is understood 
that the sheet will have a thickness less than 150 mils. 

A compostable film is provided by the present 
invention, wherein the compostable film includes a 
lactic acid residue containing polymer, and has a tear 

20 resistance of greater than 50 gm f /mil at 23°C according 
to ASTM D1922-89, and exhibiting subtantially no 
blocking when folded bck on itself and held together 
under pressure of 180 g/in 2 at 50°C for two hours, and 
preferably for 24 hours. Preferably, the film has a 

25 tear resistance of at least 65 gm £ /mil, and more 

preferably at least 80 gm f /rail at 23°C according to ASTM 
D1922-89. 

Krim€ Dflflrrtpfclon of the Drawings 

30 FIGURE 1 is a cross- sectional view of a 

multilayer structure in the form of a film according to 

the principles of the present invention; 

FIGURE 2 is a cross -sectional view of an 

alternative embodiment of a multilayer structure in the 
35 form of a laminate having a paper substrate according to 

the principles of the present invention; and 
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15 



FIGURE 3 is a graph comparing the rate of 
biodegradation of the multilayer film Q f Example 2, 
kraft paper, and cellulose. 

Pfltftilftrt nWTHnHnn n * ^ 

The present invention relates to a multilayer 
structure having compostable properties. This means 
that the multilayer structure will break down and become 
part of a compost upon being subjected to physical 
chemical, thermal, and/or biological degradation in a 
solid waste composting or biogasif ication facility As 
used in this application, a composting or 
biogasification facility has a specific environment 
which induces rapid or accelerated degradation 
Generally, conditions which provide rapid or accelerated 
degradation, compared with storage or use conditions 
are referred to herein as composting conditions. m'the 
- context of the present invention, the multilayer 

2 o ::z:z: may be referred to as * c ™^° — - 

in order to provide a compostable multilayer 
structure, the components of the multilayer structure 
should be compostable and biodegradable during 
composting/biogasification, or in compost amended soil 
at a rate and/or extent comparable to that of known ' 
reference materials such as cellulose or paper 
Basically, this means that the components should be 
degradable within a time frame in which products made 
therefrom, after use, can be recycled by composting and 
30 used as compost. It should be understood that certain 
materials such as hydrocarbons and other polymeric 
resins including polyethylenes , polypropylenes, 
polyvinyls, polystyrenes, polyvinyl chloride resins 
urea formaldehyde resins, polyethylene terephthalate 
resins, polybutylene terephthalate resins, and the like 
are not considered compostable or biodegradable for 
purposes of this invention because they take too long to 
degrade when left alone in a composting environment 
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The rate and extent of biodegradation of the 
multilayer structure can be correlated to known 
biodegradable materials, such as kraft paper or 
cellulose, using ASTM D5338-92 Test Method for 
5 Determining Aerobic Biodegradation of Plastic Materials 
Under Controlled Composting Conditions. This is a 
laboratory test which compares the rate of 
biodegradation of a test sample to that of a known 
biodegradable material by determining the amount of C0 2 

10 evolved from the compost with and without the test 

sample. A modified version of the ASTM D5338-92 test 
can be used to more conveniently approximate large scale 
composting conditions. This modified test is referred 
to as the first modified test and is performed according 

15 to ASTM D5338-92 except that a constant temperature of 
58 °C is provided. The amount of material biodegraded is 
calculated based upon measuring the amount of carbon 
dioxide evolved therefrom. A second modified version of 
ASTM D5338-92 can be used to determine the degradation 

20 at soil conditions. The second modified test is carried 
out according to ASTM D5338-92 except that a temperature 
of 30 °C is used and the media is soil at approximately 
70% of its moisture holding content (ASTM D 425) . 

Test results for biodegradation according to 

25 the first modified ASTM D5338-92 test are provided in 
PIG. 3 where the cumulative percent biodegradation 
(referred to as the biodegradation value) is measured as 
a function of time for the multilayer structure prepared 
in Example 2, kraft paper, and cellulose. The details 

30 of this test are described in Example 9. For the 

results plotted in FIG. 3, a biodegradation value of 70 
percent at 40 days means that at least 70 percent of the 
carbon in the multilayer structure has been converted to 
carbon dioxide and microbial biomass after composting 

35 under conditions of the first modified test for 40 days. 
For most multilayer structures of the present invention, 
it is preferred that they have a biodegradation value of 
at least 50 percent after 40 days, and even more 
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preferably at least 60 percent after 40 days. In 
addition, it is preferred - that they possess a 
biodegradation value of at least about 70 percent after 
60 days. For slower materials, biodegradation values of 
5 at least about 20 percent after 40 days and/or at least 
about 30 percent after 60 days can be provided. 

Another way of characterizing the rate and 
extent of biodegradation of the multilayer structure of 
the invention is to compare it with the rate and extent 

10 of biodegradation of known compostable and biodegradable 
materials such as kraft paper and cellulose. Generally, 
it is desirable that the multilayer structure will have 
a biodegradation value which is at least about 50 
percent, and more preferably at least about 60 percent, 

15 of the biodegradation value of kraft paper or cellulose 
after 40 days in a standard compost as provided in ASTM 
D5338-92. 

It should be understood that the multilayer 
structure of the invention can include materials which 

20 are not compostable or biodegradable under short period 
composting conditions. 

The multilayer structure of the invention can 
be provided as films, sheets, laminates, and the like. 
Films can be used in applications such as disposable 

25 bags, wrappers, personal hygiene products, packaging 
materials, agricultural mulch films, and the like. 
Exemplary disposable bags include trash bags, sandwich 
or snack bags, grocery bags, waste bin liners, compost 
bags, food packaging bags and the like. Exemplary 

30 disposable wrappers include food wrappers such as fast 
food wrappers, food packaging films, blister pack 
wrappers, skin packaging and the like. Sheets can be 
used in applications including thermoformed rigid 
containers, cups, tubes, dinnerware, cup lids, deli 

35 trays and the like. Laminates include coated paper 
which can be used, for example, as boxes, multiwall 
bags, multiwall containers, spiral wound tubes (e.g., 
mailing tubes), and the like. In situations where the 
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multilayer structure is in the form of a film or sheet, 
it may be desirable to ensure that the film or sheet 
possess the properties of tear resistance, quietness, 
and impact resistance. Transparent structures may also 
5 be of benefit for any packaging application, where it is 
desirable to see the package contents. The multilayer 
structure of the invention can also be prepared using 
coextrusion blow molding, to directly produce articles 
such as rigid containers, tube, bottles, and the like. 

10 For certain applications, such as, use in a compostable 
lawn refuse bag, it may be desirable to have the 
multilayer structure substantially transparent to 
visible light. This allows rapid determination of the 
contents before shipping to a compost facility, or 

15 identification of contents under a wrapper. 

Applicants found that presently available 
biodegradable polymers do not generally possess 
desirable physical properties for use as single layer 
films or sheets because they have high glass transition 

20 temperatures, poor tear resistance structures which do 
not rapidly crystallize (if it has a low Tg) , low 
melting point, or are difficult to process on 
conventional machines. These particular problems are 
often encountered when trying to process biodegradable 

25 polymers in conventional process equipment. 

It is understood that crystallinity is an 
important characteristic of a polymer and can be relied 
upon to reduce blocking. As discussed above, blocking 
occurs when films or other structures fuse together. It 

30 is a particularly undesirable property when it is 

exhibited by trash bags because it causes the sides of 
the bag to stick together, thereby preventing the bag 
from opening. It is believed that blocking is a 
function of the rate and extent of crystallization of a 

35 polymer. For example, it is understood that if the 
polymer crystallizes sufficiently quickly, it is 
believed that the tendency to block can be reduced. On 
the other hand, polymers which crystallize slowly will 
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have a tendency to block in the process equipment when 
recently formed films or sheets are brought together 
causing them to fuse. An example of a polymer which 
does not crystallize sufficiently quickly under 
5 processing conditions is poly (caprolactone) . it is 
believed, however, that for many polymers such as 
poly (caprolactone) , processing conditions can be 
modified to reduce blocking. For example, it is 
believed that the double bubble blown film process can 
10 reduce blocking in poly (caprolactone) polymer 
compositions . 

Some biodegradable polymers are not suitable 
for single layer bags because they have a melting point 
<T m ) which is too low. A low T„ renders a polymer 

15 difficult to process, and requires cooling below its T 
to induce crystallization. Several aliphatic polyesters 
have a T„ which is too low. Also, if the storage or use 
temperature exceeds T n then the film will tend to fuse 
and lose integrity. An exemplary aliphatic polyester, 

20 such as polycaprolactone, requires a crystallization 
temperatures of room temperature or below which is 
difficult to achieve in most blown film or cast film 
facilities. Exemplary aliphatic polyesters having 
desirable T B , but T g which is too high, include 

25 polyglycolide, polylactide, and poly (hydroxy butyrate) . 
Applicants have found ways to provide 
biodegradable polymer compositions having glass 
transition temperatures lower than ambient temperature. 
Various methods within the scope of the invention 

30 include providing blends of polymers or other additives, 
using copolymers, incorporating a plasticizer, and the 
like. These methods are discussed in more detail below. 
The resulting biodegradable polymer compositions have a 
glass transition temperature lower than ambient 

35 temperature. It has been observed that they can suffer 
from blocking when formed into a film or sheet. In 
order to overcome the blocking problem, Applicants 
discovered that certain biodegradable polymer 
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compositions, such as, amorphous polymer compositions 
having a high T g or semi-crystalline polymer 
compositions, can be formed into thin layers and used as 
blocking reducing layers. 

The Ccnnpostable Multilayer Structure 

Now referring to FIG. 1, a preferred 
embodiment of the multilayer structure according to the 
present invention is shown at reference numeral 10 in 
the form of a film. The multilayer film 10 includes a 
core layer 12, a first blocking reducing layer 14, and a 
second blocking reducing layer 16. The first blocking 
reducing layer 14 covers the first surface 13 of the 
core layer 12, and the second blocking reducing layer 16 
15 covers the second surface 15 of the core layer 12. In 
the arrangement shown in FIG. 1, the core layer 12 is in 
contact with both the first blocking reducing layer 14 
and the second blocking reducing layer 16. It should be 
understood, however, that for one layer to -cover" 
20 another layer, it is not necessary that the layers be in 
contact with each other. It should be appreciated that 
another layer or material can be placed therebetween. 
For example, a layer of adhesive, polymer, foil, or 
other material, such as paper, can be placed between the 
25 core layer and the blocking reducing layer. Various 
properties, such as, vapor resistance, chemical 
resistance, adhesion, tensile strength, and the like, 
can be provided by selecting layers in addition to those 
shown in the multilayer film 10. 
30 It should be appreciated that the multilayer 

film can be provided without a second blocking reducing 
layer. The film could be stored in roll form so that 
the core layer contacts both sides of the blocking 
reducing layer. The film could then be unrolled prior 
35 to use, for example, as a wrapper or covering. 

In an alternative embodiment of the invention 
shown in FIG. 2, a laminated paper product 20 is 
provided. The laminated paper product has a paper 
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substrate 21, a core layer 22 and a m u. 
app«c lated in thia eniodiment ^ 
« can also function as a blocking reducing layer 

It i. generally desirable tor the blocking 
reducing layers to be as thin a. possible to provide 
■ufficient resistance to blocking and sufficient 
coverage over the core layer. In M . t structured 
including film,, sheet, and laminates it ™ t? 
> that- i-K^ ui , . fixates it is believed 

fill « 9 redUCin9 l3yerS b * considered 

films, and may herein be referred to as fii ms 

context of the present invention. It is ™V" , 
the core layer, generally, is pri mar ily re^T , 
Providing flexibility and tear and p Jtu^esL, " 
Accordingly, it is usually preferred to resistanc e . 
core lav-r «i • Prererred to maximize the 

layer relative to the blocking reducing layers 

For many applications where the blockina ' 
reduce layer is extruded< the thicknese b ocki ng 

blocking reducing layer should be sufficient to 
a continuous layer and/or desired blocking resist 

lower li mit of at least about 0.05 mil. if the 
thickness of the blocking reducing layer is much l 
than 0.05 mil, it has been found ^ ^ 

-intain a continuous coating. In most appUca^ . 
xs believed that the thickness of the blocking 7 ' 
layers should be less than 0 5 m ±l bl ° Ckln 9 reducing 
r 0. mil, and even ^^1^^"' 
mil. The core layer can be essentially any siz^ . , 
as it provides the desired properties. °" 9 
For most multilayer films, such as th. „„ 

ln , pi °- i - u u beii ™* 

mil and" *° than about io 

mil, and more preferably between about 1 mil a„„ k 

Since it is desirable to keep t . ti Tof ' 

thrckn of a blocking reducing layer to the overall 

thickness of the film as low as oossihl. .„ overa11 
of the blocking reducing layer ZlZT 
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should be between about 5% and 25%. The percentage of 
the combined thickness of the blocking reducing layers 
to the overall thickness of the multilayer structure 
should be less than about 40%, and more preferably less 
5 than about 30%. Accordingly, at least about 60% of the 
thickness of the multilayer structure should be core 
layer, more preferably at least 70%. 

It is believed that a multilayer sheet will 
have a thickness of at least about 10 mil or greater. 
10 Multilayer layer structures which include a paper layer 
or substrate can have a thickness, exclusive of paper 
substrate, of 0.5-3 mil. Generally, the thickness of 
the blocking reducing layers will have essentially the 
same values described above so long as they provide 
15 sufficient blocking resistance. 

Exemplary types of hydrolyzable polymers 
include P oly(trimethylene carbonate) and polyesters such 
. as polydactide), poly (lactic acid), poly (glycolide) , 

poly (hydroxy butyrate) , poly (hydroxy butyrate -co -hydroxy 
20 valerate), poly (caprolact one) , poly (1, 5-dioxepan 2-one) , 
poly(l,4-dioxepan 2-one), poly (p-dioxanone) , poly(delta- 
valerolactone) , and other polyesters such as those 
containing residues of C 3 -C l0 diols, and terephthalic 
acid, and the like. The polymers can be copolymers and 
25 polymer blends of the above polymers. Preferred 

polyesters are generally aliphatic polyesters which 
hydrolyze to biodegradable units. 

Lactic acid residue containing polymers are 
particularly preferred for use in the present invention 
30 due to their hydrolyzable and biodegradable nature. One 
theory of the degradation of lactic acid residue 
containing polymers is that they can be degraded by 
hydrolysis at hydrolyzable groups to lactic acid 
molecules which are subject to enzymatic decomposition 
35 by a wide variety of microorganisms. It should be 
appreciated, however, that the precise mechanism of 
degradation is not a critical feature of the present 
invention. Rather, it is sufficient that one recognizes 
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that poly^ra which provide similarly rapid dearad,,- 
to naturally occurring .„d product, can o. ua^ ul ™! 
present invention. „. s . p at . nt No * ' " se * ul »> the 

generally, a continuous process for li dlTCl °aee. 
5 1-ide polymer, from lactic* ^aLT' 3 " 11 " °' 
tor aerating purified iactide and cre.UnV"^ 68 
therefrom are disclosed in o. S Patent" 

5.247,059; and 5 274 073 , u 5 - 2 « 7 .°SS7 

Elected polymer.":;: the. 'pat, . £ 

10 propertie. suitable for use iTtT 9 Phy " iCal 

t- utilized, oenerany. ^ . accoT inVenCi ° n 
Patent No. 5,335,822 and Z.S ZZZtlT T- ^ 
No. 08/279,732 can be used in IZ ^""on Seria! 
Bxempury lactic acid r e Lue l t 'r^ 00 - 

•5 can be u.ed are described in V T IT ^ " hlCh 

S-«4,0S9, 5.2,4.073.. M s^f" 5 '" 2 ' 0 "' 

and 5.359.026. andu.s ^ ^pu a"^ 5 ' 'l 3 "' 822 ' 
Oe/UO.424, 0 8/ll 0,394.. and I ,3 ' 

available under the tradename EcoplaS 

lactic acid^r.".^. ^ aPP " ci "'d that the term 

containing a^ut , °^ ^nt" 'T^ ^»-» 

cont^nxng polymer, can include non-lactic acid 
reaidue.. Preferably, the lactic acid residue 
containing polymer is least about 70% ITT 
P-ferably at least about ,.». Uct ic'ac* ^ , 
a preferred embodiment, the lactic acid residue 
containing polymer contain, less than about 2 T °v 
weight, non-lactic acid residue. 

Lactic acid residue containing oolvn.,.., 

acid, lactide, or combination thereof it .ho„,„ k 
understood that other structural unit, which h 
Polled, have a .tructure similar^er^ 
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lactic acid or lactide can be used. Rather than 
focusing on how the lactic acid residue containing 
polymers are prepared, it should be understood that what 
is important is that the lactic acid residue containing 
5 polymers have characteristics which render them 
susceptible to hydrolysis and thereby enhance 
degradability or biodegradability. It is these 
characteristics which are important rather than the 
strict chemical composition of the polymer. However, 
10 polymers which are considered lactic acid residue 
containing polymers include poly (lactide) polymers, 
poly (lactic acid) polymers, and copolymers such as 
random and/or block copolymers of lactide and/or lactic 
acid. Lactic acid components which can be used to form 
15 the lactic acid residue containing polymers include L- 
lactic acid and D- lactic acid. Lactide components which 
can be used to form the lactic acid residue containing 
polymers include L- lactide, D-lactide, and meso-lactide . 

A particularly preferred type of polylactide 
20 polymer includes viscosity modified polylactide which is 
described in detail in U.S. Patent No. 5,359,026 and 
WO 95/04097. Viscosity modified polylactide polymers 
are important because they provide desirable processing 
characteristics such as reduced viscosity, increased 
25 melt strength, and hence improved bubble stability. 

Particularly preferred viscosity modified 
polylactide polymers include copolymers of lactide and 
epoxidized multifunctional oil such as epoxidized 
linseed oil and epoxidized soybean oil. In many 
30 situations, it is preferred that the polymer is prepared 
from 0.1 to 0.5 weight percent epoxidized 
multifunctional oil and molten lactide monomer. 
Catalyst can be added, and the mixture can be 
polymerized between about 160-C and 200-C. The 
35 resulting polymer preferably has a number average 
molecular weight of about 80.000 to about 140,000. 

As discussed above, many biodegradable 
polymers such as non-plasticized polylactic acid 
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polymers are generally too brittle for use as 3inn i 
layer flexible fil ms and/or sheets. The" T 
generally above 50<>C, and it has been «w ' 

5 tM V" iK ^ Tear resistance of I typical " 

p^iyiactid, hlving . T> ^, so . c £ 1Cal 

•bout « other biodegradable poly^rs ^ M 

certain aliphatic, polyesters, exhibit pooH'sr ^ 

- 9 . or^v^^r::^::; ::; u - - 

bags, food wrappings and th* tv ! * ' 9rocer y 

, ^ , g he llke should be fiesHKi. 

and reeietant to tearing and puncturing. 

Applicants discovered that by lowering m, 
L5 glass tranaition temperature (T ) of >, „ e " n9 tha 
Polymers to about Jc .rl ' t s 
P-ide a film or sheet J^'C^^T 

• tear and puncture resistance. 9 MoL ^."aX it" "* 
desxrable to lower the T, to below aoout 5 " and 

• preferably below about .inns lo-c. Zse 1 B T 
transition temperature should be helow the te" e 

at which the poller is used. When cL h ' em,,ara,:Ure 
Polymer is a lactic acid r.. ida TZ^TJTT ' 

de^nstra^d^n'^i/rTlas 1 "; 1012 " th " et °- *" 
poiylactide polymer L ^ ZZtT" * 
temperature <T a , from 60 .c. without oi,' 
« a level of „ perce nt. hy " 

The selection of the plasticizer • 
consideration of several criteria, 
generally desirable to provide as I 
as possihle. it is fJLJflST^^ 1 ^ 
is biodegradable. non-toxic. o-^T^- ^ 
and relatively nonvolatile. Plastici«r in th re8ln ' 
classes of alxyi or a i lphatic " "» "-"I 

functional ester, and/or ethers »^ T"" 
include alxyl p hoaph ate esters, dial y £ 'diest'. 
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tricarboxylic esters, epoxidized oils and esters, 
polyesters, polyglycol diesters, alkyl alkylether 
diesters, aliphatic diesters, alkylether monoesters, 
citrate esters, dicarboxylic esters, vegetable oils and 
5 their derivatives, and esters of glycerine. Preferred 
plasticizer are tricarboxylic esters, citrate esters, 
esters of glycerine and dicarboxylic esters. More 
preferably, citrate esters are preferred since it is 
believed that these esters are biodegradable. These 

10 plasticizer can be obtained under the names Citroflex A- 
4®, Citroflex A-2*, Citroflex C-2 , Citroflex C-4 
(from Morflex) . 

It should be appreciated that plasticizer 
containing aromatic functionality or halogens are less 

15 preferred because of their possible negative impact on 
the environment. For example, appropriate non-toxic 
character is exhibited by triethyl citrate, 
acetyltriethyl citrate, tri-n-butyl citrate, acetyltri- 
n-butyl citrate, acetyltri-n-hexyl citrate, n-butyltri- 

20 n-hexyl citrate and acetyltriethyl citrate, tri-n-butyl 
citrate, diisobutyl adipate, diethylene glycol 
dibenzoate, and dipropylene glycol dibenzoate. 
Appropriate compatibility is exhibited by acetyltri-n- 
butyl citrate, acetyltriethyl citrate, tri-n-butyl 

25 citrate, diisobutyl adipate, diethylene glycol 

dibenzoate, and dipropylene glycol dibenzoate. Other 
compatible plasticizers include any plasticizer or 
combination of plasticizer which can be blended with 
lactic acid residue containing polymer and are either 

30 miscible therewith or which form a mechanically stable 
blend. 

Volatility is determined by the vapor pressure 
of the plasticizer. An appropriate plasticizer should 
be sufficiently non-volatile such that the plasticizer 
35 stays substantially in the composition throughout the 
process needed to produce the multilayer structure, and 
to provide desired properties when the structure is 
used. Excessive volatility can lead to fouling of 
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process equipment, and can result in undesired 
plasticizer migration. Preferred plasticizer should 
have a vapor pressure of less than about 10 mm Hg at 
170 "C, and more preferred plasticizer should have a 
vapor pressure of less than 10 mm Hg at 200 «C. 

Internal plasticizer, which are bonded to the 
lactic acid residue containing polymer, may also be 
useful in the present invention. Exemplary plasticizer 
which can be bonded to the polymer include epoxides. 

Applicants have found that while reducing the 
T g of lactic acid residue containing polymers enhances 
flexibility and tear strength, it also increases or 
promotes blocking. This feature is demonstrated by the 
data in Table 1 in Example 1. 

Applicants found that multilayer structures 
could be created which were relatively resistant to 
blocking over time and which retained the desirable 
- properties of a plasticized lactic acid residue 

containing polymer composition, such as, elongation and 
20 tear resistance. The blocking was reduced by 

incorporating blocking reducing layers which cover the 
core layer of plasticized lactic acid residue containing 
polymer. The blocking reducing layers could have a 
variety of compositions, provided that they reduce 
25 blocking. 

The Blocking Reducing Layer 

Five preferred types of compositions for 
forming the blocking reducing layers are described 

30 below. A preferred first composition for preparing the 
blocking reducing layer includes amorphous lactic acid 
residue containing polymer having a T g above 50 »C. it is 
believed that the high glass transition temperature of 
the amorphous lactic acid residue containing polymer is 

35 responsible for reducing or preventing blocking. Thus, 
blocking can be reduced provided that the ambient or use 
temperature is below the T g of the blocking reducing 
layer. It is believed that at temperatures below the t, 
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of the polymer, the molecules in the polymer are not 
sufficiently mobile to cause blocking. 

A preferred second composition which can be 
used for preparing the blocking reducing layer includes 
5 semicrystalline lactic acid residue containing polymer. 
A semicrystalline lactic acid residue containing polymer 
will generally have an optical purity of greater than 
85% either R or S lactic acid residues, although the 
overall composition can be less optically pure if the 

10 polymer is a block copolymer, rather than random. The 
semicrystalline lactic acid residue containing polymer 
provides blocking resistance to higher temperatures than 
the amorphous lactic acid residue containing polymer, 
with no blocking observed even at temperature of 90 °C. 

15 a preferred third composition which can be 

used for preparing the blocking reducing layer includes 
lactic acid residue containing polymer and a high glass 
transition temperature polymeric additive for reducing 
blocking. Preferred high T g polymeric additives include 

20 polymers with a T g greater than about 50 °C, and more 

preferably greater than about 90 °C. The most preferred 
high T g polymeric additives are biodegradable and derived 
from renewable resources. Exemplary preferred high T g 
polymeric additives include cellulose acetate, cellulose 

25 propionate, cellulose butyrate, cellulose acetate 
propionate, cellulose acetate butyrate, cellulose 
propionate butyrate, terpene resins and rosin and rosin 
esters derived from tree sap. 

A preferred fourth composition which can be 

30 used for preparing the blocking reducing layer includes 
a lactic acid residue containing polymer and a 
semicrystalline polymeric additive. Preferred 
semicrystalline polymeric additives will have a melting 
point above 90 °C and more preferably above 120 °C. The 

35 most preferred semicrystalline polymeric additives are 
biodegradable and derived from renewable resources. 
Preferred semicrystalline polymeric additives include 
aliphatic polyester with melting points above 90 °C. 
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Exemplary preferred semicrystalline polymeric additives 
include poly (hydroxy butyrate) , poly (hydroxy butyrate- 
co-hydroxy valerate), polybutylene (succinate) , 
polybutylene ( succinate -adipate copolymer), 
polyethylene (succinate), and polyethylene (succinate- 
adipate copolymer) . it is believed that 
poly(glycolide), poly (lactide) , or the stereocomplex of 
poly(L-lactide) and poly (D- lactide) might also be 
suitable for use as antiblocking agents. 

It is understood that the semicrystalline 
polymeric additives should be present in an amount of 
between about 5-70% by weight of blocking reducing 
layer, more preferably between about 10 and 50% by 
weight. in the case of additive such as 
polyhydroxybutyrate (PHB) polymers and polyhydroxy 
butyrate/valerate copolymers (PHBV) , it is preferred 
that they be present in an amount of about 10% by weight 
of blocking reducing layer. 

Without being bound by theory, it is believed 
that the limited compatibility of the anti-blocking 
agent in the blocking reducing layer may be partly 
responsible for enhancing the anti -blocking 
characteristics thereof. 

A preferred fifth composition which can be 
used for preparing the blocking reducing layer includes 
a rapidly crystallizable polymer having a high melting 
temperature (T„ ) . Preferably, it also exhibits a low 
glass transition temperature (T g ) . it is believed that 
the rapid crystallization will facilitate processing by 
reudcing or preventing sticking and blocking fil m 
handling. 

Polymer compositions having a low T g and high 
T. are desirable because they can provide rapid 
crystallization after processing. Typically, in order 
35 for a polymer composition to exhibit rapid 

crystallization, it needs to be well below its T„. Under 
normal processing condition, the polymer composition 
should therefore have a T B above about 80 'C and below 
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about 200 °C, and preferably below about 170 °C. A T B of 
80 °C is believed to be high enough so that a polymer can 
crystallize during typical blown film production. A T. 
of 80°C or higher will also provide excellent blocking 
5 performance under typical use and storage conditions. 
The upper limit on the T B is determined by providing a 
composition which can be readily processable in line 
with a biodegradable polymer such as a lactic acid based 
polymer. Polymer compositions having a T B above 200°C 

10 generally require processing conditions which make it 

difficult to provide on the same line as, for example, a 
plasticized polylactide polymer, even with the use of a 
multilayer die with distinct heating sections. 

The glass transition temperature of the 

15 polymer composition should be relatively low in order to 
provide desired performance under certain applications. 
For example, a low glass transition temperature is 
particularly important for use in outdoor applications, 
such as lawn and leaf disposal bags. It has been 

20 observed that a low T g in the outer layer can help to 
strengthen the bag properties which otherwise are born 
entirely by the core layer. In most applications, the T g 
should be below about 10°C. , and preferably below 0°C, 
and more preferably below -10°C. 

25 The extent of crystallinity should be 

sufficient to provide an outer layer having a 
crystallinity of at least about 10 J/g based on the 
weight of the outer layer only, or roughly 3 J/g based 
on the weight of the film having a layered cross -sect ion 

30 of 15/70/15 by weight of each layer. This is believed 
to be sufficient to give excellent blocking resistance. 
Preferably, the crystallinity of the outer layer can be 
greater than 30 J/g. In most applications, the 
crystallinity of the outer layer will be less than 100 

35 J/g. 

The preferred polymers to meet these criteria 
are generally based on aliphatic polyesters, produced 
either from ring opening reactions or from the 
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condensation of acids and alcohols. Typically, diols 
and diacids are reacted to form an aliphatic polyester 
by condensation polymerization. Often this limits the 
potential molecular weight to a number average molecular 
5 weight of less than 30,000, although, in some case it 
may be as high as 50,000. To achieve higher molecular 
wexghts is generally very difficult . This molecular 
weight limit tends to result in polymers with poor tear 
strength, which is a critical property for film bag 
10 applications. Thus, these polymers, on their own, may 
have insufficient tear strength for a commercially 
acceptable film bag. 

Aliphatic polyesters based on diacids and 
diols are available commercially and are generally 

15 preferred. The aliphatic polyesters with an even number 
of carbons in the diacid generally have a more 
crystalline nature than those with an odd number of 
- carbons. The preferred aliphatic polyesters comprise 
the reaction products of a C 2 -C 10 diol with oxalic acid 

20 succinic acid, adipic acid, suberic acid, sebacic acid' 
or mixtures and copolymers thereof. More preferred 
polyesters include polyethylene (oxalate) , 
polyethylene (succinate) , polybutylene (oxalate) , 
polybutylene (succinate) , polypentamethyl (succinate) 

15 polyhexamethyl (succinate ) , polyheptamethyl (succinate) 
or polyoctamethyl ( succinate), mixtures or copolymers ' 
thereof, or copolymers of these with adipic acid. 
Especially preferred are polyethylene (succinate) , 
polyethylene (succinate-co-adipate) , 

0 polytubylene (oxylate) , polybutylene (succinate) , 
polybutylene (succinate-co-adipate) , 

polybutylene (oxylate -co- succinate and/or adipate) and 
mixtures thereof. The polybutylene terminology in this 
case refers to the condensation product of 1,4 butane 
5 diol and polyethylene terminology refers to the 

condensation product of 1,2 ethan diol, also know as 
ethylene glycol. To ensure reasonable rates of 
crystallization and sufficiently high Tm, it is 
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anticipated that any copolymers will contain at least 70 
mole % of the primary diacid (on a diacid basis) . The 
aliphatic polyesters may also contain units derived from 
non-aliphatic diacids, or esters, such as terephthalic 
5 acid or methyl terephthalate. The condensation products 
of diacids with polyether diols may also be useful as 
outer layers in the multilayer film application. 

An exemplary preferred polymer is a 
polybutylene succinate homopolymer sold under tradename 
10 Bionelle 1000™ and is available from Showa Highpolymer 
Co., Ltd. It is believed that polybutylene (succinate - 
terephthalate copolymer) and polybutylene (adipate- 
terephthalate copolymer) will be useful in forming the 
blocking reducing layer. 

15 

In a preferred composition, the core layer 
will have a T g below 20°C and more preferably below 10 °C. 
In the case of a polymer composition including a lactic 
20 acid residue containing polymer, reduced T g can be 

provided by a plasticizer level of about of 20 wt-t or 
more. 

The core iayer of the multilayer structure 
should be sufficiently flexible to be rolled or folded 

25 for packaging, to be useful for purpose intended. 
Preferably, the first layer should have sufficient 
flexibility to allow it to be folded over onto itself 
without cracking at the crease. It is preferred that a 
multilayer film according to the present invention would 

30 have a tensile modulus of less than 75,000 psi at 23°C 
when tested according to ASTM D-882 method A-3. 

Pigments or color agents may also be added as 
necessary. Examples include titanium dioxide, clays, 
calcium carbonate, talc, mica, silica, silicates, iron 

35 oxides and hydroxides, carbon black and magnesium oxide. 

Applicants have found that the presence of 
residual catalysts in the lactic acid residue containing 
polymer structure significantly affects the stability 
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thereof during processing. Accordingly, the catalyst 
level can be controlled as described in U.S. Patent No 
5,338,822. 
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10 R»l»fcj» wn]lilT 

Batwoen Plnat l cliiwr t.«v«i »m 

A Leistritz 34 mm twin screw extruder was used 
to compound a mixture of components described below 
The extrudate was cooled in a water bath and chopped 
into pellets. The pellets were then coated with 0 1% 
Ultra-Talc 609 to prevent agglomeration, dried at 30-C 
and extruded through a flat die to form a structure for 
property testing. 

The twin screw extruder was operated with zone 
1 (pellet feed zone) at 150«C, zone 2 at 160-C, zones 3- 
6 at 170-C, zones 7-8 at 165«C, and zones 9-n a t iso-c 
The screw speed was set at 200 rpm. Pellets of 
polylactide (PLA) polymer, which is a copolymer of 
lactide with 0.35 wt. percent of epoxidized soybean oil 
and having a number average molecular weight of 104,000 
and a D-level of n%, available from Cargill, were fed 
into zone 1 at a rate of 123 g/min using an AccuRate 
feeder, a plasticizer, acetyl tri-n-butyl citrate from 
Morflex, inc. was injected into zone 3 of the extruder 
at ambient temperatures using a liquid injection system 
The plasticizer was fed in at a rate of 31.5 g/min 
providing a composition of 20.4% plasticizer. 

The compounded mixture containing 20% 
Plasticizer was then dry blended with sufficient amounts 
of the PLA used in the initial compounding (Mn-104,000 
D-level of 11%) to obtain mixtures of 0, 5, io, is and 
20% plasticizer. These mixtures were then extruded on a 
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3/4- Killion extruder, through a six inch flat die, into 
film having a 3.25 mil thickness (0.00325"). The 
Killion extruder operated with zone 1 at 280«F, zone 2 
at 290»F, zone 3 at 300°F, and zone 4, the adapter, and 

5 the die all at 315°F. 

The glass transition temperature (T g ) for each 

film was determined using Differential Scanning 

Calorimetry (DSC) according to procedure known in the 

art. A typical procedure includes taking a small sample 

10 of the film (5-20 mg> and placing it in a sealed 

capsule. The capsule is loaded in to the DSC and cooled 

to a temperature well below the expected T g , e.g., - 

1000C. The sample is then heated at a rate between 

5'C/min and 20-C/min and the heat input relative to a 

blank reference cell is recorded. The glass transition 

temperatures are evaluated, and recorded as the midpoint 

of the typical sigmoidal curve. The sample is evaluated 

on the first upheat of the DSC, to avoid any mixing of 

the sample phases. 

The films were then aged and tested for tear 
propagation resistance and for blocking resistance. The 
tear propagation resistance test was conducted according 
to ASTM Method D 1922-89. The blocking resistance test 
involved placing two films on top of each other and 
placing thereon a 400 gm weight with a 2.2 in contact 
area. This was left in a temperature controlled 
environment for 2.0 hours at 50 -C and checked for 
blocking. The blocking scale for this test ranges from 
0 for no blocking to 5 for complete fusion of the two 
layers. The results of the tear propagation resistance 
and blocking resistance tests are provided in Table 1 . 



15 



20 



25 



30 



WO 97/1 1845 



PCT/USM/15682 




reactance for .in gle layer , plaaticizea f^s cf 
polylactid.. ^ r6Bulta £urther indicate fl t ^ t ° t £ 
glaaa tranaition Cemper « ure (T , is a irect ^£° 
the amount of plaeticizer therein it i. ,V e to 
the present invention that hiohxTplaat oiL fT^ °* 

t ' and hlgh tear strength, develop severe blo^n 

level of i indxcates that there was substantially no 
blockxng which indicates that there was at mo!r 
adhesion hut that the films could be "ulledl"^ 
wxthout significant deformation. * 

The normalized Elmendorf tear values are u**H 
to get approximate tear values of a i mil fi lm. 
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^.inpTi abasing XulUlaxaz Filn with flood 
n1 nr frlT i g P -«,< n n i SflQd Iflftt ggopagatifla Rnntntanc< 

5 A multilayer film was produced on a 10", four 

layer, Streamlined Coextrusion Die (SCD) blown film die 
manufactured by Brampton Engineering. Layer 
configuration of the die is as follows from outside to 
inside layers of the die, A/B/D/C. Three 3 1/2- David 
10 Standard extruders fed the A, D, and C layers while a 2 
1/2" David Standard extruder fed B layer. The process 
line also utilized a Brampton Engineering rotating air 
ring for polymer cooling. Layers B and D contained PLA 
(Mn = 103,000, D-level of 11%) plasticized with 20% 
15 Citrof lex which was compounded as described in Example 
1. Layers A and C contained PLA (Mn = 66,000, D-level 
of 3%) dry blended with 10% Biopol D300G, supplied by 
Zeneca Corporation. Layer ratios for the film were A- 
19%, C-21%, combination of B and D = 60% of the total 
20 film structure. The thickness of the film produced was 
2.25 mil (0.00225"). The processing conditions for the 
film are provided in Table 2. 
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Note, Temperatures in table 2 are given in o F . 
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Tear propagation resistance and blocking 
resistance testing was conducted on the multilayer film 
according to the procedure described in Example 1. The 
test results are provided in Table 3. Additionally, the 
5 multilayer film exhibited no sign of blocking when 
tested at 70°C for 24 hours. 



Elmendorf Tear (gin*) 


Blocking Level 


Normalized 
Elmendorf Tear 
(gmf/mil) 


MD Uvg) 


TD (avg) 


MD 


TD 


112 


242 


0 9 70°C 


50 


107 



10 The results in Table 3 indicate that the non- 

plasticized outer layers prevent blocking while the 
plasticized inner layers provide the tear resistance of 
the film. 

The normalized Elmendorf tear, although not 
15 recommended by ASTM, can be used to provide an estimate 
of the tear strength of a 1 mil film. 

Example) 3 s 

Baap lfl Shotting traa of Non-PLA Materials in 

20 Mul fcl -Lav* f Film Structure* 

Films were produced on a 6" 7-layer SCD blown 
film die manufactured by Brampton Engineering, Inc. with 
a die gap of 0.060" and a Uni-Flo air ring for film 
cooling. Labeling of the die layers are from outside to 

25 inside A, B, C, D, E, F, G. Layers B, C, D, E, and F 

were fed by five 30 mm Brampton extruders. Layers A and 
G were fed by two 45 mm Brampton extruders. In making 
the film samples layers A and G were filled with 0.85MI 
(melt index) polyethylene and cooled down to 100°F to 

30 "freeze" the layers and effectively make the die a five- 
layer system. Structures were produced containing 
materials other than PLA as the base material for one or 
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more of the film layers. When plasticized PLA was 
utilized it was prepared in accordance to the method 
described in Example 1. Again only the B, C, D, e, and 
F layers of the die were utilized to produce the films. 
In all of these films there was an attempt to make a 
flexible core layer surrounded by rigid, non-blocking 
outer layers. 

labia 4 









Material *~ 


1 Sample 


Layer B 


Layer C 


Layer D 


Layer E 




1 


PLA 


PVOH 


PVOH 


PVOH 


PLA 


2 


PLA 


Polyethylene 


Polyethylene 


Polyethylene 


PLA 


3 


Biopol 


Plasticized 
PLA 


Plasticized 
PLA 


Plasticized 
PLA 


Biopol 


4 


EVOH 


Plasticized 
PLA 


Plasticized 
PLA 


Plasticized 
PLA 


EVOH 



10 



15 



20 



In all of the above cases except for sample #3 
there was poor adhesion between the PLA layers and the 
"other" material layers. In the case of sample #3 a 
film with 5% layer ratios for B and F layers was 
accomplished. This film showed no blocking at the haul 
off nip and also demonstrated a blocking level of o when 
tested in accordance to the test described in Example 1. 
The PVOH was supplied as VINEX 2144 by Air Products And 
Chemicals, Inc., the PE was a LLDPE (grade 2045) 
supplied by Dow, and the EVOH was supplied by Eval 
Corporation. 



2xanBla-i 

Example Showing Wffaefca nf r |av ,r p»H nff nn 
Physical Pren^^n 



Films were processed on the equipment 
described in Example 3 to produce films with varying 
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layer ratios. The outer layers, layers B and F, 
utilized PLA dry blended with 10% Biopol D300G. The 
inner layers of the film, layers C, D, and E, utilized 
PLA compounded with 20% Citroflex plasticizer as 
5 described in Example 1. The following films were 
produced with thickness ranging from 1.5-1.75 mil 
(0.0015 M -0. 00175") • 
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Sample # 


B Layer 
Ratio (%) 


C,D,E, Combined 
Layer Ratio (%) 


F Layer Ratio (%) 


l 


25 


50 


25 


2 


20 


60 


20 


3 


15 


70 


u 


4 


10 


80 


10 j 


5 


5 


90 


5 



10 

The films were conditioned in a 50% relative 
humidity chamber at 20-25°C and tested for tear 
propagation resistance according to ASTM D-1922, tensile 
properties according to ASTM D-882 method A3, and impact 
15 resistance according to ASTM D-3420 with the results 
provided in Table 6. 
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The data in Table 6 demonstrates the effect 
the layer ratios have on the tear propagation 
resistance, the yield strength, and the impact strength. 
5 Increasing the thickness of the inner, flexible layer, 
and decreasing the thickness of the outer layers, 
provides high tear resistance and impact strength, 
although yield is reduced. The data also demonstrates 
that the layer ratios do not have much of an effect on 
10 the ultimate tensile strength, the ultimate elongation, 
or the yield elongation. 

The normalized tear force is provided as an 
estimate for a 1 mil film, although it is preferred to 
test a l mil film directly. 

15 

Eaaaplfl 5 

Tfrninpln conrpoBtahle Propflrtiga of 

{TftftTf T ' , " , '" i Film 

The multilayer film of Example 2 was tested to 
20 determine the rate and extent of degradation in a 

compost environment. For comparative purposes, sample 
of kraft paper and cellulose were similarly tested to 
evaluate the rate and extent of degradation in a compost 
environment. The kraft paper was from a typical grocery 
25 bag and the cellulose was microcrystalline cellulose 

from Avicel. 

For all three samples, a modified version of 
ASTM D5338-92 test was performed according to ASTM 
D5338-92 except that a constant temperature of 58°C was 

30 provided in order to more conveniently approximate 

natural composting conditions. The amount of material 
biodegraded was calculated based upon measuring the 
amount of carbon dioxide evolved therefrom. 

Test results were plotted in the graph of 

35 FIG. 3 as "Cummulative % Biodegradation (C02-C)" as a 
function of time. The graph demonstrates that the 
multilayer film of Example 2 degrades at a rate and to 
an extent fairly close to cellulose and kraft paper. 
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fiaapMatigfl RTrnnmln t 

Monolayer films having a thickness of 2 mil 
were prepared from polybutylene (succinate) and from 
5 Polybutylene (succinate -adipate copolymer,. The polymer 
samples are available as Bionolle* 1001 and 3001 froT 
Showa Highpolymer Co., Ltd. The films were blown usL 
a 1" Killion die and l" Killion single screw general 

10 17° B 1 l Xt T r " ith C ° mPreSSi0n " tio « 

inflJ 9 ! US6d t0 bubble 

inflation. Throughput was about 8 lb/hr. 

The films were tested for Elmendorf tear 
following ASTM D1922-89, with the following results all 
in grams-force (gm f ) . *suxcs, all 



15 



20 



25 



30 



polybutylene (succinate) polybutylene (succinat 

e-adipate copolymer) 



Temperature MD TO 
31 49 
10 ° c 26 35 



1U MD TT> 

23»C n An TO 

34 54 

29 43 
44 



0-C 31 



34 30 



Ta of P^ybutylene (succinate) fii m exhibited , 

Tg of - 37 . c and 47>4 J/g crvatallinity< with 

melting point of 1XJ . C . The polybutylene (succinate- 
adipate copolymer) film had a Tg of _ 45 . c ^ 
crystallinity, with a melting temperature of 94 «C Th e 
strength, however, is insufficient for commercialese as 
a lawn refuse bag. as 



film 1 • r° f ilmS W6re PrePared ° n 3 mul til ayer blown 
film line to prepare a A-B-A composition. The "A" 

material was fed using a 3/4- Brabender general purpose 

extruder, the «B- material was fed using a 1* JliT 

general purpose extruder, and the die was a 1- Killion 

3-layer die side fed, with a 0.030" die gap. The „ A „ 
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material was fed at a rate of 3.6 Ib/hr and had a melt 
temperature of 365°F. The *B" material was fed at 8.4 
lb/hr and had a melt temperature of 325 °F. A single lip 
air ring was used for inflation and the film take-off 
5 speed was about 10-30 ft/min. 

The core layer in each case consisted of 
poly (lactide) with a number average molecular weight of 
about 100,000 and which included 0.35 wt% of epoxidized 
soybean oil in the polymerization. The overall optical 

10 composition was 85% S- lactic acid residuals and 15% R- 
lactic acid residuals, from lactide. The core layer 
additionally contained 20 wt% of the plasticizer acetyl 
ti-n-butyl citrate, available as Citroflex"" A-4 from 
Morflex, Inc. The outer layer for film one was a blend 

15 of 90 wt% poly (lactide) and 10 wt% poly (hydroxy 

butyrate- co- hydroxy valerate), called PHBV for short, 
available as Biopol™ D300G from ICI. 

For the first multilayer film, the outer layer 
included a polylactide polymer containing 0.35 wt% 

20 epoxidized soybean oil added prior to polymerization in 
a batch reactor and having a number average molecular 
weight of about 90,000 and an overall optical 
composition including 95% S-lactic acid residuals and 5% 
R- lactic acid residuals. 

25 For the second multilayer film, the outer 

layer included a polybutylene (succinate) polymer, 
available as Bionolle 1001 from Showa Highpolymer Co., 
Ltd. 
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Both multilayer films were 2 mil thick and had 
a layer ratio of 15/70/15 percent by weight. Table 7 
shows the Elmendorf tear results in gm f , according to 
ASTM D1922-89, for each multilayer film wherein the 
films are identified by their outer layer. 

poly (lactide) /PHBV polybutylene (succinate) 
blend outer layer outer layer [3054-8-2] 

Temperature MD 
23"C 93 
10°C 



TD 
150 

17 



MD 
172 
80 
47 



TD 
176 
79 
54 



10 The test s show that each film exhibits good 

tear strength at 23 "C. The low temperature tear 
strength of the film with an outer layer of 
polybutylene (succinate) was superior to the film with an 
outer layer of poly (lactide) /PHBV. It is believed that 
the low T g (estimated to be less than -30 «C) of the outer 
layer for film two assists in giving good properties at 
low temperature. 
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Example 7 

Two films, each 2 mil thick, were prepared on 
a blown film line according to the procedure described 
in Example 10. Each film included a core layer of 
polylactide with 85-88% S- lactic acid residuals and 12- 
15% R- lactic acid residuals (from lactide) to form an 
amorphous film with number average molecular weight of 
85,500 for film 1 and 106,000 for film 2. The 
polylactide included 0.35 wt% of epoxidized soybean oil 
included during the polymerization, carried out in a 
batch reactor. The polymer was blended with 25 wt% of a 
plasticizer which was tri-n-butyl citrate, available as 
Citroflex 1 " C-4 from Morflex, Inc. The Elmendorf tear 
properties are shown in the table 8. 
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labia 8 

polybutylene (succinate polybutylene Jj^cinate) 
Touter layer (film 1) outer layer (film 2) 

<r>n MD TD 

Temperature MD TD 147 

23°C 186 72 110 

10 ° C 47 66 76 75 

Film 1 exhibited two Tg's, one at about -35»C 
corresponding to the outer layer and one at 8.6'C for 
the plasticized poly (lactide) core layer. The outer 
layer exhibited a Tm of 109-C with 16.7 J/g on a whole 
fiL basis, corresponding to 56 J/g on an outer layer 
basis. DSC results are not available on film 2. 

Each of these two samples shows good tear 
strength and had good blocking resistance to at least 
60°C. 
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WHAT IS CLAIMED- 

1- A cotnpostable multilayer film • . 

, . -L^yer tiim comprising.- 

■ « » d second ; j. 20 .c. an<i 

(b) f lrst blocking reducing w 
first surface of said core layer said f i T" 9 
reducing layer comprising a sem^ " alll bl ° Ckin9 
composition; and mic rystall lne polymer 

10 (c) second blocking reducing layer « 

second surface of said core layerf ^ the 

wherein at lease one of 'said hi ,.• 

heater than 10 J/g „ ' q£ 

scanning calorimeter. differential 

3 - The compositable multilaver- fii- 

X. wherein the bloc*in g re d ucL g ay./™" 9 * ^ 
semrcrystalline polymer ^.Ji^T* ~* ' 

° f 3 ""« 30 J/9 as oe'termiW" a ST" 1 " 1 * 

scanning calorimeter. y dlf f e rential 

i 

4 - The compostable multilayer film = 
wherein said semi crystal Unl , aCCOrdin 9 to claim 

comprises an -li^E^ 0 ^ position 

5 - The compostable multilayer fil m „ 
4. wherein the aliphatic poller IT 9 " Cl " i '" 
sel«tea fro, the 9 roup cLHting o7 " 3 
Polyethylene (oxalate, . polyethylene (succinate, 
POlybutylene (oxalate, , polybutylene (succiLte ' 
Polypentamethyl (auccinate) . polyhexam. f h ^ ' 
Polyheptamethyl (auccinate, PolyoccameZ SUeCin " e, • 
Polyethylene .succinate-co-^fpe^ ' SU « in "«> ■ 
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polybutylene (succinate-co-adipate) , 
polybutylene (oxylate-co- succinate) , 

polybutylene (oxylate-co-adipate), and mixtures thereof. 

6. The compostable multilayer film according to claim 
1, wherein the semicrystalline polymer comprises 
polybutylene succinate homopolymer. 

7 The compostable multilayer structure according to 
claim 1, wherein said compostable multilayer film has a 
biodegradability value of about 20 percent or higher 
after 40 days according to ASTM D5338-92, modified to 
test at about 58°C. 

8. The compostable multilayer structure according to 
claim 1, wherein said compostable multilayer structure 
has a biodegradability value of about 50 percent or 
higher after 40 days according to ASTM D5338-92, 
modified to test at about 58 °C. 

9. The compostable multilayer structure according to 
claim 1, wherein the polylactide polymer is a copolymer 
prepared by reacting lactide monomer and non-lactide 
acid monomer. 

10. The compostable multilayer structure according to 
claim 9. wherein non-lactide monomer is epoxidized 
multifunctional oil. 

30 11 The compostable multilayer structure according to 
claim 1, wherein at least one of the blocking reducing 
layers includes an antiblocking polymer additive 
selected from the group consisting of 
poly(hydroxybutyrate) and poly (hydroxybutyrate-co- 

35 hydroxyvalerate) . 
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HaiJT C r P ° Stable " Ultll »V« "ructure according to 
claim l, wherein the core laver is ^ 

reduce plaeticizer migration ' """""^ <° 

5 13. A method for manufacturing a compostable multila 
film, said method compriaing the ste P ot c ™Z 
at least three l. y . re , .aid layers compriainT ' 

•0 havrng f lre t and aecond opposed surfacee 

firat f " rSt bl ° Ckin9 redUCin9 ^ Bering the 
first surface of said core layer; and 

S of said blowing »^U^^ * ^ - 
semxcrystalline polymer composition. 

14. The method for manufacturing a compostable 
multilayer fil m according to claim 13, further 

> comprising a step of blowing the layers. 

15. The method for manufacturing a multilaver f<i 
according to claim 14, wherein 1 s^ollTj^ 
comprises double bubble blowing. "* 

16. The method for manufacturing a multilayer fii m 

17. A compostable multilayer fil m comprising 

a core layer comprising a lactic acid residua 

-core layer having first and ^i^T^ 
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(c) second blocking reducing layer covering the 
second surface of said core layer. 

18. The cotnpostable multilayer film according to claim 
5 17, wherein at least one of the blocking reducing layers 
comprises a semicrystalline polymer composition having a 
crystallinity of greater than 10 J/g as determined by a 
differential scanning calorimeter. 

10 19. The compostable multilayer film according to claim 
17 wherein at least one of the blocking reducing layers 
comprises a polymer selected form the group consisting 
of polyethylene (oxalate) , polyethylene (succinate) , 
polyethylene (oxalate) , polybutylene (succinate) , 

15 polypentamethyl (succinate) , polyhexamethyl (succinate) , 
polyheptamethyl (succinate) , polyoctamethyl (succinate) , 
polyethylene (succinate- co -adipate) , 
polybutylene (succinate -co- adipate) , 
polybutylene (oxylate -co -succinate) , 

20 polybutylene (oxylate-co-adipate) , and mixtures thereof . 

20. A compostable multilayer structure comprising: 

(a) compostable substrate; 

(b) core layer comprising a lactic acid residue 

25 containing polymer composition covering said compostable 
substrate, said core layer having a T g below about 20°C; 
and 

(c) blocking reducing layer covering said core 
layer . 

30 

21. The compostable multilayer structure according to 
claim 20, wherein said compostable substrate comprises a 
cellulose containing substrate. 

35 22. The compostable multilayer structure according to 
claim 20, wherein the cellulose containing substrate is 
paper . 



42 



PCT/US96/15682 



23. The compoatable multilayer structure according to 
claxm ao. wherein said core layer co^rises a 
Polylactide polymer and an effective amount of a 
plasticizer to provide a t *-u 

about 20-C. * he ^ lay " ° f b8l °» 



15 



20 



25 



24. A compoatable film comprising a lactic acid residue 
centering polymer, said film having a tear resistant 
greater than 50 gm £ /mil at 2 3«c according to 
•* . and exhibiting substantially no blocking whTn 
follded back on itself and held together unoer a 
pressure of lao g/in' at 50«C for two hours. 

25 The compoatable film according to claim 24. said 

film having a tear resistance oreater f h„ « , 

23-c according to ASTM D1S22 8S " " 

film ^. COn,P08table fil ™ ««^ng to claim 2 «, a .id 

film having a tear resistance greater m.... =„ 

23-C according to ASTM D1922 .J *' 

27. The compoatable film according to clain, „ 
g/in at SO C for twenty four hours. 

sL J«7 COmP ° 8table film according to claim 24, wherein 

saxd film comprises a multilayer film. "Herein 
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